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1
CONNECTOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a connector.

2. Description of the Related Art

Japanese Unexamined Patent Publication No. H10-3963
discloses a connector with a housing that has a terminal
accommodating portion for accommodating terminal {it-
tings. A sealing plug is fit into a plug mounting hole formed
in the rear surface of the housing and a rear holder is
attached to the rear surface of the sealing plug to prevent the
sealing plug from coming out. Pivot shafts project from the
opposite side surfaces of the housing and a lever 1s mounted
rotatably on the shatts.

The housing has a complicated construction due to the
terminal accommodating portion, the pivot shaits and the
like. Thus, a complicated mold 1s required to form the
housing.

Further, for the exchange of the lever, requires the uneco-
nomical exchange of the housing.

The present invention was developed 1n view of the above
problems, an object thereof 1s to simplily the construction of
a mold for forming a connector housing and to make 1it,
unnecessary to exchange the connector housing when
exchanging a movable member.

SUMMARY OF THE INVENTION

The 1invention relates to a connector with a housing that
has terminal accommodating chambers for accommodating
terminal fittings. The connector also has a movable member
for developing a cam action to connect the housing with a
mating housing. A rear member 1s formed separately from
the housing, but 1s mountable on a rear part of the housing.
Insertion openings extend through the rear member, and the
terminal fittings are insertable through the insertion open-
ings 1n substantially the same direction as an 1nserting
direction of the terminal fittings into the terminal accom-
modating chambers. The movable member 1s assembled
directly or indirectly with the rear member. Thus, a con-
struction necessary to assemble the movable member 1s on
the rear member, and 1s separate from the housing. As a
result, the mold for forming the housing can be simplified.
Further, 1t 1s not necessary to exchange the housing when
exchanging the movable member.

The movable member pretferably 1s a lever displaying the
cam action by guiding a cam pin on the mating housing
along a cam groove 1n the lever.

An accommodation space 1s provided at the rear of the
housing and has an mner peripheral sealing surface. A seal
1s accommodated 1n the accommodation space and closely
contacts the sealing surface.

The seal preferably has wire insertion holes that normally
are 1 a large-diameter state for receiving the terminal
fittings and wires.

The rear member preferably 1s a rear holder with a
pressing surface for pressing and holding the seal. The rear
holder also has insertion opemings for loosely receiving the
terminal fittings and the wires.

The rear holder preferably compresses the seal in the
thickness for narrowing the wire insertion holes. As a result,
the 1nner surfaces of the wire insertion holes closely contact
the wires. The pressing surface of the rear holder preferably
compresses the seal after a connecting operation of the two
housings 1s completed by operating the movable member.
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The wire isertion holes of the seal are in the large-
diameter state before the lever 1s rotated. Thus, the terminal
fittings and the wires can be inserted easily through the
insertion holes. The lever then 1s rotated to connect the
housings and to move the rear holder forward after the
housings are connected. The pressing surface of the rear
holder compresses the seal as the rear holder moves forward.
As a result, the wire 1nsertion holes are deformed to smaller
diameters and the mner circumierential surfaces of the wire
insertion holes closely contact and seal to the wires.

The large diameters for the wire imsertion holes can be set
in correspondence with larger terminal fittings. Therefore,
the inner circumierential surfaces of the wire 1nsertion holes
and the hole edges of the seal are not damaged as the
terminal fittings are inserted.

The rear holder has a side that 1s displaceable along the
outer peripheral surface of the rear part of the housing while
the compression of the seal 1s 1 progress. Accordingly, a
degree of compression of the seal can be confirmed visually
by observing a moving stroke of the side of the rear holder.

In some 1nstances, no seal 1s accommodated 1n the accom-
modation space. In these instances, a second rear member 1s
provided and has a base that 1s fit in the accommodation
space. The base of the second rear member has insertion
paths corresponding to the terminal accommodating cham-
bers.

The seal and the first of the above described rear members
are selected if the connector must be watertight. However,
the second rear member 1s selected 11 the connector need not
be watertight. Accordingly, one of the first and second rear
members 1s mounted on the housing depending on whether
the connector must be watertight. Thus, the same housing
can be used for both cases, and the number of parts is
reduced.

These and other objects, features and advantages of the
present invention will become more apparent upon reading
of the following detailed description of preferred embodi-
ments and accompanying drawings. It should be understood
that even though embodiments are separately described,
single features thereof may be combined to additional
embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a plan view showing a state before a female
housing 1s connected with a mating male housing in a first
embodiment.

FIG. 2 1s a plan view showing a state where a lever 1s at
a rotation starting position and cam pins are located at the
entrances of cam grooves.

FIG. 3 1s a plan view showing an intermediate state during,
the rotation of the lever.

FIG. 4 1s a plan view showing the lever at a rotation
ending position.

FIG. 5 1s a horizontal section showing a state before the
female housing 1s connected with the mating male housing.

FIG. 6 1s a horizontal section of an intermediate state
while the female housing and the mating male housing are
brought closer to each other.

FIG. 7 1s a horizontal section showing a state where the

female housing and the mating male housing are properly
connected.

FIG. 8 1s a horizontal section showing a state where a
sealing member 1s compressed by a pressing surface of a rear

holder.

FIG. 9 1s a front view of the mating male housing.
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FIG. 10 1s a right side view and a front view of the female
housing.

FIG. 11 1s rear views of a retainer and the female housing.

FIG. 12 1s a front view and a section along A-A of the
front view showing a front mask:

FIG. 13 1s a front view and a section along B-B of the
front view showing the seal.

FIG. 14 1s a rear view of the sealing member.

FIG. 15 1s a front view of the rear holder.

FIG. 16 1s a plan view of the rear holder.

FIG. 17 1s a side view 1n section of the rear holder.

FIG. 18 1s a plan view of the lever.

FIG. 19 1s a front view of the lever.

FIG. 20 1s a horizontal section of the lever.

FIG. 21 1s a plan view and a rear view of a wire cover.

FIG. 22 1s a front view of the front mask at a partial
locking position.

FIG. 23 1s a front view of a connector.

FIG. 24 1s horizontal section of the female housing and
the retainer.

FIG. 25 1s a horizontal section showing a state where an
clectrical connection test 1s conducted by inserting a jig
through a tab insertion opening.

FIG. 26 1s a side view 1n section of a rear member of a
second embodiment.

FIG. 27 1s a side view 1n section of a connector.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

(Ll

A connector 1n accordance with the invention 1s described
with reference to FIGS. 1 to 25. The connector has a female
housing 10, a front mask 20, a retainer 30, a seal 40, a rear
holder 50, a lever 70, and a wire cover 60. The female
housing 10 1s connectable with a male housing 80 of a
mating connector. Both female and male housings 10, 80,
the front mask 20, the retainer 30, the rear holder 50, the
lever 70 and the wire cover 60 are made of synthetic resin,
and the seal 40 preferably 1s made of a resilient material such
as a rubber. In the following description, ends of the two
housings 10, 80 to be connected are referred to as front ends.

As shown 1n FIGS. 1 and 9, the mating male housing 80
has a terminal mounting portion 82 in which tabs 81 of male
terminal fittings with forwardly projecting tabs 81. More
particularly, the male housing 80 has a terminal mounting,
portion 82 for receiving the male terminal fittings. A rect-
angular tubular receptacle 83 projects forward from the front
surface of the terminal mounting portion 82, and the tabs 81
project forward 1n the receptacle 83. The tabs 81 are aligned
in rows and the dimensions of the tabs 81 substantially
correspond to amounts of current flowing therethrough. The
tabs 81 1n the two rows at the right are wider than those in
s1x rows at the left. Error-assembling preventing ribs 84 also
project in the receptacle 83. The error-assembling prevent-
ing ribs 84 interfere with the front surface of the female
housing 10 when one of the two housings 10, 80 1s held in
an 1mproper orientation (such as upside down) with respect
to the other and hinder any further connecting of the two

housings 10, 80.

The female housing 10 is fittable mto the receptacle 83,
and guiding ribs 835 extend in substantially forward and
backward directions on the inner peripheral surface of the
receptacle 83 for guiding the connecting operation with the
temale housing 10. Upper and lower cam pins 86 project at
positions near the front ends of substantially widthwise
middle parts of the upper and lower outer surfaces of the
receptacle 83. Each cam pin 86 has a substantially cylindri-
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4

cal shape with a large-diameter flange 86A at its projecting
end, and 1s movable substantially along a corresponding cam
groove 72 formed 1n a side plate 71 of the lever 70.

As shown 1 FIGS. 10 and 11, the female housing 10 has
a substantially rectangular block shaped terminal accommo-
dating portion 11 formed with terminal accommodating
chambers 11A. A fittable tube 12 projects back from the rear
surface of the terminal accommodating portion 11 and
defines a substantially rectangular tube that 1s larger than the
terminal accommodating portion 11 and. The terminal
accommodating portion 11 preferably takes up more than
about half, more preferably almost two-thirds of the length
of the female housing 10, and the fittable tube 12 preferably
takes up less than about half, more preferably the remaining
one-third.

Female terminal fittings 13 are mserted into the terminal
accommodating chambers 11A from behind, and engage
resilient locks 11B that project from the inner peripheral
surfaces of the terminal accommodating chambers 11 A (see
FIG. 25). The female terminal fittings 13 in the terminal
accommodating chambers 11A aligned 1n two rows at the
right side of the terminal accommodating portion 11 have
large box portions 13A, whereas those in the terminal
accommodating chambers 11 A aligned 1n the six rows at the
left side of the terminal accommodating portion 11 have
small box portions 13A. The tabs 81 enter the box portions
13A of the female terminal fittings 13 as the two housings
10, 80 are connected to establish electrical connections
between the mating terminal fittings. Laterally-extending
preventing-rib recerving grooves 11E are formed in the front
surface at the left side of the terminal accommodating
portion 11 where the six rows of the terminal accommodat-
ing chambers 11 A are aligned. The preventing-rib receiving
grooves 11E are configured to receive the error-assembling
preventing ribs 84.

A connector seal 90 1s mounted from the front on the outer
peripheral surface of the terminal accommodating portion 11
and 1s positioned at a step 19 between the terminal accom-
modating portion 11 and the fittable tube 12. The connector
seal 90 has a substantially rectangular ring shape and 1s
made of a resilient matenial, such as a rubber, to provide
sealing between the female housing 10 and the front mask
20. Upper and lower guiding grooves 11F extend substan-
tially 1in the width direction at positions near the front ends
of the upper and lower surfaces of the terminal accommo-
dating portion 11 and receive elongated guiding projections
21 1n the front mask 20.

A substantially rectangular retainer mount hole 14 1is
formed in the right surface of the terminal accommodating
portion 11. The retainer mount hole 14 has a depth to
communicate with all of the terminal accommodating cham-
bers 11A.

Partial locking projections 11G and full locking projec-
tions 11H for the front mask 20 are formed substantially side
by side at the upper and bottom ends of a substantially
widthwise middle part of the front surface of the terminal
accommodating portion 11. Recesses are formed at the
substantially opposite sides of the partial and full locking
projections 11G, 11H to receive locking claws 22 of the front
mask 20. Thus, the front mask 20 can be held at a partial
locking position and at a full locking position.

An accommodation space 12S i1s formed 1n the fittable
tube 12 for recerving the seal 40 (see FIG. 24), and the inner
peripheral surface of the accommodation space 12S 1s held
in close contact with the outer peripheral surface of the seal
40. The seal 40 1s accommodated 1 a substantially a

front-half area of the fittable tube 12, and a base 51 of the
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rear holder 50 1s accommodated into a rear area of the
fittable tube 12 (see FIG. 25).

Engaging ribs 15 are formed at the front ends of substan-
tially widthwise middle parts of both upper and bottom
surfaces of the fittable tube 12 and extend in substantially
forward and backward directions. The engaging ribs 15 have
a dovetailed or undercut shape widened towards the pro-
jecting end and can slide along r1b receiving grooves 52 in
the rear holder 50. Left and right guides 16 are formed at the
opposite sides of the engaging rib 15 on each of the upper
and lower surfaces of the fittable tube 12 and extend in
forward and backward directions. The guides 16 slide along
guidable grooves 53 formed 1n the rear holder 50 to guide a
mounting operation of the rear holder 50.

Left and rnight locking projections 17 are formed at
substantially middle parts of the opposite side surfaces of the
fittable tube 12 with respect to the height direction. Engag-
ing portions 34 are formed at the rear holder 50 and
resiliently engage the locking projections 17 to prevent the
holder 50 from coming ofl backward. Slanted surfaces 17A
are formed at the rear of the locking projections 17 and slope
in and towards the back. The engaging portions 54 slide
smoothly on the slanted surfaces 17A during the mounting
of the rear holder 50.

As shown 1n FIG. 12, the front mask 20 has a front plate
23 for substantially covering the front surface of the terminal
accommodating portion 11. A side plate 24 projects back
from the right edge of the front plate 23. A ceiling plate 25
and a bottom plate 26 project back farther than the side plate
24 and are connected with the upper and lower ends of the
front plate 23 and the upper and lower ends of the side plate
24.

The front plate 23 has tab insertion openings 23A at
positions corresponding to the tabs 81 of the male housing
80. The tab insertion openings 23A communicate with the
corresponding terminal accommodating chambers 11 A. The
front plate 23 also has rib insertion openings 23B at posi-
tions corresponding to the error-assembling preventing ribs
84 of the male housing 80. The rib insertion openings 23B
communicate with the corresponding preventing-rib receiv-
ing grooves 11E. Substantially round jig insertion openings
23FE are substantially vertically aligned in a row at the right
end of the front plate 23 and can receive a j1g or probe pin
for an electrical connection test.

Upper and lower locking claws 22 are formed at upper
and bottom ends of a substantially a widthwise middle part
of the rear surface of the front plate 23. The front mask 20
1s displaceable between a partial locking position and a full
locking position by movements of the front plate 23 sub-
stantially along the width direction along the front surface of
the female housing 10. In this case, the front mask 20 1s held
at the partial locking position by the resilient engagement of
the locking claws 22 with the partial locking projections 11G
of the terminal accommodating portion 11 or 1s held at the
tull locking position by the resilient engagement of the
locking claws 22 with the full locking projections 11H of the
terminal accommodation portion 11.

The tab insertion openings 23 A of the front plate 23 are
displaced slightly along the width direction from the front
openings of the terminal accommodating chambers 11A
when the front mask 20 1s at the partial locking position
shown 1n FIG. 22. Additionally, front walls 13B of the box
portions 13A of the female terminal fittings 13 1n the
terminal accommodating chambers 11A face the tab inser-
tion openings 23A. A 11g 99 for an electrical connection test
can be inserted through the tab insertion opening 23A and
into contact with the front wall 13B of the box portion 13A
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of the female terminal fitting 13, as shown 1n FIG. 25, while
the front mask 20 1s partly locked. Thus, the front plate 23
of the front mask 20 does not need separate j1g 1nsertion
openings 23E for each terminal accommodating chamber
11A. The leading end of the j1g 99 does not contact a tongue
13F 1n the box portion 13A, and hence cannot plastically
deform the tongue 13F. Further, a tapered guiding surface
23F 1s formed around the opeming edge of each tab 1nsertion
opening 23A. Thus, the leading end of the j1g 99 can be
guided smoothly and accurately to the front wall 13B of the
box portion 13A. When the front mask 20 1s at the partial
locking position, the corresponding tab insertion openings
23A are not belore the female terminal fittings 13 1n the
terminal accommodating chambers 11A at the rightmost
end. Therefore, the electrical connection test 1s conducted by
passing the j1g 99 through the j1g insertion openings 23E for
exclusive use.

The tab msertion openings 23A of the front plate 23 align
with the front openings of the terminal accommodating
chambers 11A when the front mask 20 is at the full locking
position. As a result, the tabs 81 can be 1nserted through the
tab insertion openings 23A and into the terminal accommo-
dating chambers 11A. Deformation spaces for the locks 11B
are formed during the molding of the female housing 11 and
necessarily leave openings at the front surface of the termai-
nal accommodating portion 11. The front plate 23 of the
front mask closes the front ends of the deformation spaces
of the locks 11B when the front mask 20 reaches the full
locking position. Thus, external matter cannot intrude into
the deformation spaces and 1nadvertently deform the locks
11B.

An operating surface 24A 1s formed at the outer side
surface of the side plate 24 and can be pushed for moving the
front mask 20 from the partial locking position to the full
locking position. The side plate 24 contacts the right surface
of the terminal accommodating portion 11 and 1s 1immedi-
ately before the opening edge of the retainer mount hole 14
when the front mask 20 reaches the full locking position. A
retainer introducing recess 24B 1s formed at a rear side of the
side plate 24 for permitting the insertion of the retainer 30.

Upper and lower elongated guiding projections 21 are
formed at substantially middle parts of the ceiling plate 25
and the bottom plate 26 with respect to forward and back-
ward directions and extend along the width direction. The
guiding projections 21 slide along the guiding grooves 11F
of the terminal accommodating portion 11 to guide a sliding
movement of the front mask 20. Guiding-rib receiving
grooves 27 are formed at positions on the ceiling plate 25
and the bottom plate 26 corresponding to the guiding ribs 85
of the male housing 80 and extend 1n forward and backward
directions. The guiding ribs 85 move along the guiding-rib
receiving grooves 27 to guide the connecting operation of
the two housings 10, 80. The rear edges of the ceiling plate
25 and the bottom plate 26 are attached to the front edges of
the upper and lower sides of the connector seal 90, so that
the connector seal 90 can be held tightly between these rear
edges and the step 19.

As shown 1n FIGS. 11 and 24, the retainer 30 1s a side type
retainer, and has upper and lower substantially parallel arms
31 that project from a rectangular plate-shaped operating
portion 32. The operating portion 32 1s configured to close
the retainer mount hole 14.

The arms 31 are substantially comb-shaped and side-by-
side locking protrusions 33 project from the arms 31 at
specified intervals corresponding to the arrangement of the
terminal accommodating chambers 11 A. More particularly,
two rows at the base end correspond to the large-size female
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terminal fittings 13 and six rows at the leading side corre-
spond to the small-size female terminal fittings 13. Locking
structures 34 are formed along the width direction on the
front surfaces of both arms 31. The retainer 30 can be held
at a partial locking position and a full locking position by the
engagement of the locking structures 34 with engaging
structures (not shown) 1n the terminal accommodating por-
tion 11.

The operating portion 32 1s spaced from the opening of
the retainer mount hole 14 and the locking protrusions 33 are
retracted sideways from the terminal accommodating cham-
bers 11A when the retamner 30 1s at the partial locking
position. On the other hand, the operating portion 32 closes
the opening of the retainer mount hole 14 and the locking
protrusions 33 enter the terminal accommodating chambers
11 A when the operating portion 32 1s pushed suiliciently for
retainer 30 to reach the full locking position. At this time, the
locking protrusions 33 engage jaws 13G at the rear ends of
the box portions 13A 1f the female terminal fittings 13 are
inserted properly 1n the terminal accommodating chambers
11A. As a result, the female terminal fittings 13 are locked
doubly by the locks 11B and the retainer 30.

As shown 1n FIGS. 13 and 14, the seal 40 1s a substantially
rectangular block having a specified thickness along forward
and backward directions and 1s constructed as a one-piece
wire sealing plug. The seal 40 has wire insertion holes 41 of
circular cross section that normally are 1n a large-diameter
state to enable insertion of the female terminal fittings 13
and the wires 18 from behind. Inner circumierential surfaces
of the wire insertion holes 41 are brought 1nto close contact
with the outer circumierential surfaces of the wires 18 to
provide hermetic sealing between the seal 40 and the wires
18. The outer circumierential surface of the seal 40 closely
contacts the inner circumierential surface of the fittable tube
12 to provide hermetic sealing between the seal 40 and the
female housing 10.

The wire isertion holes 41 aligned in two rows at the
right side have a larger diameter substantially corresponding,
to the female terminal fittings 13 for larger currents, and the
wire msertion holes 41 aligned 1n six rows at the left side
have a smaller diameter substantially corresponding to the
female terminal fittings 13 for smaller currents. Three inner
lips 42 are formed circumierentially on the inner circum-
ferential surfaces of the respective wire insertion holes 41.
Further, three outer lips 43 are formed circumierentially on
the outer peripheral surface of the seal 40. During the sealing
by the sealing member 40, the mner lips 42 are squeezed
along the height direction by the wires 18, and the outer lips
43 also are squeezed along the height direction by the mnner
peripheral surface of the fittable tube 12.

The seal 40 1s mserted 1nto the front portion of the fittable
tube 12 and then the base 51 of the rear holder 50 1s mserted
into the rear portion of the fittable tube 12. As a result, the
rear surface of the seal 40 1s pressed by the front pressing
surface S1A of the base 51 of the rear holder 50. More
particularly, the seal 40 1s compressed in the thickness
direction between the pressing surtace 51A of the base 51
and the rear surface of the terminal accommodating portion
11 so that inside diameters of the wire 1nsertion holes 41 are
narrowed to bring the mner peripheral surfaces thereof 1nto
close contact with the wires 18.

As shown 1 FIGS. 15 to 17, the rear holder 50 1s a cap
having an open front surface. More particularly, the rear
holder 50 has the rectangular block-shaped base 51 and a
substantially plate-like projecting edge 55 extending at
substantially at a right angle from the outer periphery of the
rear end of the base 31. Side portions 56A, 568 project
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forward from the projecting end of the projecting edge 55,
and substantially plate-like locking pieces 57 project back
from the projecting end of the projecting edge 55. The 1mnner
peripheral surfaces of the sides 56 A, 56B are spaced apart by
a substantially constant distance from the outer peripheral
surface of the base 51 over substantially the entire periphery
to define a fitting space for receiving the surrounding wall of
the fittable tube 12 from the front.

Insertion paths 51B are formed at positions of the base 51
substantially corresponding to the wire 1nsertion holes 41 of
the seal 40 and extend substantially 1n forward and back-
ward directions. The insertion paths 51B are configured to
receive the female terminal fittings 13 and the wires 18
inserted into the corresponding wire insertion holes 41. The
insertion paths 51B have substantially rectangular cross
sections one size larger than the box portions 13A. Thus, the
female terminal fittings 13 and the wires 18 can be inserted
loosely through 1nsertion openings 1n the rear surface of the
base 51.

Left and right side plates 56 A and upper and lower lever
mounting plates 36B are formed on the rear holder 50. Left
and right engaging portions 54 are formed at middle parts of
the opposite side plates 56 A with respect to the height
direction and are resiliently deformable 1n and out. Upper
and lower slits 56FE are formed at the front end of each side
plate 56 A and at opposite sides of the engaging portion 54
so that the engaging portion 54 can deform resiliently
between the slits S6E. An engaging hole 54A 1s formed
substantially 1n the center of each engaging portion 54. The
engaging portions 34 move resiliently over the locking
projections 17 as the rear holder 50 1s fit on the fittable tube
12 to a proper depth, and the engaging holes 54A of the
engaging portions 34 then engage the locking projections 17
when the rear holder 50 1s fit on the fittable tube 12 to a
proper depth. As a result the front surfaces of the locking
projections 17 engage front edges of the engaging holes
54 A. Clearances are left between the locking projections 17
and the opening edges of the engaging holes 54A. The rear
holder 50 can slide within a range of these clearances when
the movable member 70 reaches a final stage as described
below.

As shown 1n FIG. 15, bulges 56F are formed at widthwise
middle parts of both lever mounting plates 568 and are
raised slightly with respect to the opposite sides thereof.
Upper and lower rib receiving grooves 52 are formed 1n the
bulges 56F and open in the front surface and the inner
peripheral surface and extend in forward and backward
directions. The nb recerving grooves 32 have dovetail
shapes corresponding to the engaging ribs 15 of the fittable
tube 12. The engagement of the rnb receiving grooves 52 and
the engaging ribs 135 prevents the lever mounting plates 56B
from being disengaged from the female housing 10 even 1f
forces act on the lever mounting plates 36B 1n directions to
move them away from each other. Leit and right guidable
grooves 33 are formed at opposite sides of the rib receiving
groove 52 of each lever mounting plate 56B and extend 1n
forward and backward directions. The guidable grooves 53
are at positions substantially corresponding to the guiding
portions 16 of the fittable tube 12 and open 1n the front
surface and the mnner peripheral surface. The rear holder 50
1s 11t to the fittable tube 12 while being slidably guided by the
guides 16 and the engaging ribs 15.

Upper and lower pivot shafts 38 project from the outer
peripheral surfaces of both bulges 56F for rotatably sup-
porting the lever 70. Each pivot shait 38 is cylindrical and
front and rear widened portions 58A bulge out from the
projecting end thereof for preventing the disengagement of
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the lever 70. Further, left and right temporarily holding
portions 356G projects at the opposite lateral ends of the rear
end of each lever mounting plate 56B.

Two locking pieces 57 project back from upper and lower
sides of the projecting edge 35. The locking pieces 57 are
substantially plate shaped and extend substantially parallel.
Each locking piece 57 1s resiliently deformable 1n and out
and has a locking projection 57A on the outer side surface
thereol. An engaging piece 57B 1s formed 1n an area of each
locking piece 57 behind the locking projection 57A and has
substantially the same width as the locking projection S7A.

As shown 1n FIGS. 18 to 20, the lever 70 has two
substantially parallel side plates 71, each of which 1s formed
with a cam groove 72. The side plates 71 are joined by a
coupling plate 73 that extends 1n a width direction. In other
embodiments, the lever 70 may comprise only one side plate
coupled to an operable portion. Left and right bearing holes
74 are formed in the side plates 71, and the pivot shaits 58
are {it securely into the bearing holes 74. The cam grooves
72 are curved and have openings 1n end of the respective
side plates 72.

The outer surface of each side plate 71 has a substantially
L-shaped thinned portion 71A. Two substantially parallel
slits 71B are formed along the inner edges of the thinned
portion 71A so that the thinned portion 71A can resiliently
deform more easily. A projection 71E 1s formed on the inner
surface of the thinned portion 71A.

The pivot shaits 58 of the rear holder 50 are iserted
through the bearing holes 74 so that the lever 70 straddles
the rear holder 50. Additionally the rear edges of the side
plates 71 contact the temporarily holding portions 36G. In
this way, the lever 70 1s held at a rotation starting position.
The cam pins 86 of the male housing 80 face the entrances
of the cam grooves 72 when the housings 10, 80 are brought
closer together. The coupling plate 73 then 1s operated to
rotate the lever 70. As a result, the cam pins 86 move along
the cam grooves 72 and the two housings 10, 80 are pulled
towards each other to assist the connection. It should be
noted that a deformation of the lever 70 to widen a spacing
between the side plates 71 1s prevented by the sliding contact
of the tlanges 86 A of the cam pins 86 with inner peripheral
portions 72A of the cam grooves 72.

The lever 70 can be rotated further after the housings 10,
80 have been connected. As a result, the base 51 of the rear
holder 50 moves forward in the tube 12 and compresses the
seal 40 1n a thickness direction. Thus, a rotation stroke of the
lever 70 1s a sum of a stroke required to connect the two

housings 10, 80 and a stroke required to compress the seal
40.

As shown 1n FIG. 21, the wire cover 60 1s essentially a cap
with upper and lower side walls 61 and a rear wall 62 that
curves along the rear ends of the side walls 61. Wires drawn
out through the rear surface of the rear holder 50 are guided
by an mner surface 62A of the curved rear wall 62.

As shown 1n FIG. 21, an inclined surface 62B inclines up
towards the front an outer surface of the rear wall 62 of the
wire cover 60 at the left side, and a substantially straight
surface 62F extends along a width direction on an outer
surface of the rear wall 62. The coupling plate 73 of the lever
70 that has reached a rotation ending position contacts the
straight surface 62F of the rear wall 62. A lever lock 63 1s
formed at a boundary between the straight surface 62E and
the inclined surface 62B on the rear wall 62. The lever lock
63 1s resiliently deformable 1n and out 1n a substantially
U-shaped cut 62F in the rear wall 62, and a locking
projection 63A 1s formed on the outer surface of the lever
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lock 63 for engaging the coupling plate 73 of the lever 70 1n
a returning direction of the lever 70.

Two resiliently deformable lock receiving pieces 64
project forward from each side wall 61. Each lock receiving
piece 64 has a substantially U-shaped rim that surrounds a
substantially rectangular lock receiving hole 64A. The lock
receiving pieces 64 engage the locking pieces 57 of the rear
holder 50 as the wire cover 60 1s mounted and the locking
projections 57A fit mto the lock recerving holes 64A.
Additionally, the engaging pieces 57B of the rear holder 50
pass through the lock recerving holes 64 A and move onto the
outer surfaces of the opposite side walls 61 as the wire cover
60 1s mounted, whereas the leading ends of the lock receiv-
ing pieces 64 pass the opposite sides of the engaging pieces
57B to move onto the outer surfaces of the locking pieces 57.
In this way, the locking pieces 57 and the lock receiving
pieces 64 overlap 1n the thickness direction to lock the wire
cover 60 strongly to the rear holder 50.

The connector 1s assembled by mounting the connector
seal 90 from the front to the step 19 of the female housing
10. The front mask 20 then i1s slid sideways along the
guiding grooves 11F of the terminal accommodating portion
11 and the front plate 23 of the front mask 20 1s arranged on
the front surface of the terminal accommodating portion 11.
As a result, the connector seal 90 1s squeezed between the
front mask 20 and the step 19. Further, the arms 31 of the
retainer 30 are mserted into the retainer mount hole 14 of the
terminal accommodating portion 11 and the locks 34 hold
the retainer 30 at the partial locking position.

The female terminal fittings 13 connected with the wires
18 are nserted through the insertion paths 51B of the rear
holder 50, through the wire msertion holes 41 of the seal 40
and 1nto the terminal accommodating chambers 11A of the
female housing 10. The female terminal fittings 13 then are
locked partly by the locks 11B. The retainer 30 then 1is
inserted deeper so that the locking protrusions 33 of the arms
31 enter the corresponding terminal accommodating cham-
bers 11A and fully lock the female terminal fittings 13. In
other embodiments, the female terminal fittings 13 may be
locked only by the locks 11B or only by the locking
protrusions 33 rather than by both as in the illustrated
embodiment.

The bearing holes 74 of the lever 70 then are supported
rotatably on the pivot shaits 58 of the rear holder 50 so that
the rear end of the lever 70 engages the temporarily holding
portions 356G of the rear holder 50. The seal 40 then 1s fit into
the accommodation space 128 of the fittable tube 12, and the
base 51 of the rear holder 50 1s fit on the fittable tube 12 from
behind to place the sides 56 A, 56B of the rear holder 50 on
the outer peripheral surface of the fittable tube 12. As a
result, the engaging portions 54 of the rear holder 30
resiliently engage the locking projections 17 of the fittable
tube 12. In this state, the front surface of the seal 40 lightly
touches the rear surface of the terminal accommodating
portion 11, and the rear surface thereof lightly touches the
pressing surface S1A of the base 51 of the rear holder 50.
Thus, the seal 40 1s mounted without being compressed 1n
the thickness direction. Thereafter, the wire cover 60 1s to be
mounted on the rear holder 50 from behind. More particu-
larly, the lock receiving pieces 64 of the wire cover 60
resiliently engage the respective locking pieces 37 of the
rear holder 50; and the wires drawn out through the rear
surface of the rear holder 50 are bent and guided at sub-
stantially a right angle by the mnner surface 62A of the rear
wall 62 of the wire cover 60.

The female housing 10 can be connected with the mating
male housing 80 by positioming the receptacle 83 of the male
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housing 80 1n opposed relationship to the terminal accom-
modating portion 11 from the front, as shown in FIGS. 1 and
5. The housings 10, 80 then are brought closer to each other
so that the guiding ribs 85 of the receptacle 83 enter the nb
receiving grooves 27 of the front mask 20 and so that the
cam pins 86 of the receptacle 83 enter the cam grooves 72
of the lever 70 (see FIGS. 2 and 6). The lever 70 then 1is
rotated by holding the coupling plate 73 of the lever 70. As
a result, the two housings 10, 80 are pulled towards each
other by a cam action of the cam pins 86 and the cam
grooves 72. The front surface of the front mask 20 contacts
the front surface of the terminal mounting portion 82 at an
intermediate stage of the rotation of the lever 70 and while
the cam pins 86 are still before the extending ends of the cam
grooves 72. Thus, further approaching movement of the two
housings 10, 80 1s hindered (see FIGS. 3 and 7). In this
properly connected state, the tabs 81 of the male terminal
fittings are mserted to substantially proper depths 1n the box
portions 13 A of the female terminal fittings 13 and the male
and female terminal fittings are connected electrically.

The lever 70 1s rotated further towards the rotation ending,
position to slide the sides 56 A, 56B of the rear holder 50
along the outer peripheral surface of the fittable tube 12 and
to move the base 51 of the rear holder 50 forward in the
accommodation space 12S of the fittable tube 12. Thus, t

he
seal 40 1s squeezed 1n the thickness direction between the
pressing surface S1A of the base 51 and the back surface of
the fittable tube 12. Accordingly, the mner circumierential
surfaces of the wire msertion holes 41 have their diameters
narrowed, and the wires 18 are fastened and sealed tightly in
radially inward directions (see FIG. 8). The lever locking
portion 63 of the wire cover 60 resiliently engages the rear
edge of the lever 70 when the lever 70 reaches the rotation
ending position to prevent a returming movement of the lever
70 and to prevent a separation of the two housings 10, 80
(see FIG. 4).

The thickness of the seal 40 1s kept substantially constant
until the two housings 10, 80 substantially reach a properly
connected position. However, the thickness of the seal 40 1s
reduced to Z 1n FIG. 8 as the lever 70 1s rotated from the
properly connected position of the housings 10, 80 towards
the rotation ending position. During this time, the locking
projections 17 of the fittable tube 12 retract from the
positions where they contact the front ends of the engaging
holes 54A of the engaging portions 34, thereby defiming
clearances to the front ends of the engaging holes 54 A. The
rear end of the fittable tube 12 substantially abuts the front
surface of the projecting edge 35 of the rear holder 50 when
the lever 70 reaches the rotation ending position. Accord-
ingly, a moved distance of the sides 56 A, 568 of the rear
holder 50 along the outer peripheral surface of the fittable
tube 12, 1.e. a compressed amount of the seal 40, can be
determined by visually confirming the positions of the
locking projections 17 and a displacement amount X (see
FIG. 7) of the rear end of the fittable tube 12 with respect to
the rear holder 50.

As described above, 1nstead of being assembled directly
to the female housing 10, the lever 70 1s mounted on the rear
holder 50 as a separate part. Thus, a construction to assemble
the lever 70 1s formed on the rear holder 50, with the mold
for forming the female housing 10 can be simplified.

Further, the wire 1mnsertion holes 41 of the seal 40 are kept
in a larger-diameter undeformed state before the lever 70 1s
rotated. Thus, the female terminal fittings 13 and the wires
18 can be mserted easily. On the other hand, after the lever
70 1s rotated to connect the two housings 10, 80 properly, the

base 51 of the rear holder 50 1s moved forward to compress
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the seal 40 between the pressing surface 51 A of the base 51
and the back surface of the fittable tube 12. Therefore the
respective wire insertion holes 41 are deformed to have
smaller diameters, and the wires 18 are held tightly in close
contact with the inner circumierential surface of the wire
insertion holes 41 to achieve secure sealing. As a result, 1t
becomes possible to set larger hole diameters for the wire
insertion holes 41 for accommodating larger female terminal
fittings 13. Further, the inner circumferential surfaces of the
larger wire insertion holes 41 and the hole edges of the seal
40 are less likely to be damaged upon inserting the female
terminal fittings 13.

A second embodiment of the invention 1s described with
reference to FIGS. 26 and 27. A connector of the second
embodiment 1s a nonwatertight connector, and has neither
the seal 40 nor the connector seal 90. However, the connec-
tor of the second embodiment has parts that can interchange
with the first embodiment. Specifically, the female housing
10, the front mask 20, the retainer 30, the lever 70 and the
wire cover 60 are substantially 1dentical to those of the first
embodiment and these parts are not described again. How-
ever, the second embodiment has a rear part 50A that differs
from the holder 50 of the first embodiment, as described
herein.

The rear part 50A 1s essentially a cap with an open front.
More particularly, the rear part S0A has a base 51Q, a
projecting edge 55, sides 56A, 56B and locking pieces 57.
The projecting edge 35, the sides 56A, 56B and the locking
pieces 57 have the same shapes as those of the rear holder
50, and only the base 51(Q) differs from that of the rear holder
50.

More specifically, the length of the base portion 51Q
along forward and backward directions 1s approximately a
sum of the corresponding length of the base 51 and the
thickness of the seal 40 in the undetlected state. Accordingly,
the base 51Q can substantially the entire inner peripheral
surface of accommodation space 12S of the fittable tube 12
of the female housing 10. As the base 51Q) 15 extended, the
entire length of the insertion paths 51B becomes longer than
that 1n the first embodiment.

The female terminal fittings 13 and the wires 18 con-
nected with the female terminal fittings 13 are iserted
through one or more respective insertion openings in the rear
surface of the base 51Q and further enter the terminal
accommodating chambers 11A of the terminal accommo-
dating portion 11 through the insertion paths 51B. The
insertion paths 51B are substantially continuous 1n a length-
wise direction to the corresponding terminal accommodat-
ing chambers 11 A. Thus, the female terminal fittings 13 have
theirr 1nserting operations guided without interruption,
thereby enabling smooth inserting operations.

The second embodiment i1s selected 11 watertightness 1s
not required for a connector. Thus, the rear part S0A 1s fit
into the accommodation space 12S of the fittable tube 12 of
the female housing 10. On the other hand, the first embodi-
ment 1s selected 1t watertightness 1s required. Thus, the seal
40 and the rear holder 50 are fit sequentially into the
accommodation space 12S of the fittable tube 12. More
specifically, two kinds of rear members, 1.e. the rear holder
50 and the rear part 50A are prepared, and the appropriate
rear member 50 or 50A 15 selected depending on the need for
watertightness. As a result, the application of the connector
can be selected 1n a wider range.

As described above, the female housing 10 can be used
commonly by selecting the rear holder 50 or the rear part
50A depending on whether watertightness 1s required and
mounting the selected one on the female housing 10. As a
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result, the number of kinds of parts can be reduced since
connectors are not special products for the respective speci-
fications.

The 1mnvention 1s not limited to the above described and
illustrated embodiments. For example, the {following
embodiments are also embraced by the technical scope of
the present invention as defined by the claims. Beside the
following embodiments, various changes can be made with-
out departing from the scope and spirit of the present
invention as defined by the claims.

The base of the rear holder has a considerable length
along forward and backward directions in the first embodi-
ment. However, the base may be plate-shaped according to
the present mnvention.

The seal 1s not compressed 1n the thickness direction until
the two housings are connected properly in the first embodi-
ment. However, the seal may be compressed to a certain
extent by the pressing surface of the rear holder before the
two housings are connected properly. The lever then may be
rotated to the rotation ending position so that the pressing
surface of the rear holder presses the seal further to provide
secure sealing.

The front mask, the retainer, the connector seal and the
wire cover are provided 1n the first embodiment, some or all
of them may not be provided according to the present
invention.

The above-described connector has a rotatable lever for
displaying a cam action to connect the housings. However,
any other movable member or lever displaying a cam action
but having a different path (such as a substantially linear,
clliptic, bent or other path) such as a slider may be used
according to the mvention for connecting the housings.

What 1s claimed 1s:

1. An electrical connector, comprising:

a housing having opposite front and rear ends, terminal
accommodating chambers extending through the hous-
ing for accommodating terminal fittings along an 1nser-
tion direction, an accommodation space provided at the
rear end of the housing;

a seal selectively positionable in the accommodation
space and being held 1n close contact with a peripheral
sealing surface of the accommodation space;

a first rear member formed separately from the housing
and selectively mounted on the rear end of the housing,
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the rear member having msertion openings for receiv-
ing the terminal fittings along the insertion direction of
the terminal fittings into the terminal accommodating
chambers;

a second rear member selectively mountable to the hous-
ing when no seal 1s accommodated 1n the accommo-
dation space, the second rear member including a base
to be {it 1nto the accommodation space and formed with
isertion paths extending from insertion openings
formed i1n the rear surface of the base to the corre-
sponding terminal accommodating chambers; and

a lever assembled with one of the first and second rear
members and having at least one cam groove config-
ured for receiving at least one cam pin formed on the
mating housing and guiding the cam pin along the cam
groove as the lever 1s rotated about at least one pivot
shaft for connecting the housing with a mating housing
through a cam action.

2. The connector of claim 1, wherein the seal 1s formed
with wire insertion holes that normally are in a large-
diameter state, so that the terminal fittings and wires con-
nected with the terminal fittings can be inserted there-
through.

3. The connector of claim 2, wherein the rear member has
a pressing surface for pressing a rear surface of the seal, the
insertion openings in the rear member being dimensioned
for loosely accommodating the terminal fittings and the
wires and being aligned substantially with the respective
wire msertion holes of the seal.

4. The connector of claim 2, wherein the pressing surface
of the rear member 1s dimensioned to compress the seal 1n
a thickness direction by operating the movable member after
the two housings are connected for narrowing diameters of
the wire 1nsertion holes sutliciently to bring imnner circum-
ferential surfaces of the wire insertion holes into close
contact with the wires 1n a hermetic manner.

5. The connector of claims 4, wherein the rear member
includes a side for at least partly surrounding an outer
peripheral surface of a rear part of the housing, the side
being relatively displaceable along the outer peripheral
surface of the rear part of the housing until the compression
ol the seal 1s completed.
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